Generate a list of exponents for a set of Gaussians that should approximate a Rydberg orbital (n , l ) of an atom with charge Z Reference : Kaufmann ,~K .;\ \ Baumeister ,~W .;\ \ Jungen ,~M . Universal Gaussian basis sets for an optimum representation of Rydberg and continuum wavefunctions .
: Radial wavefunction of the s-Rydberg orbital. The coefficients of the 3 diffuse primitive Gaussians were singled out from the MCSCF-MO coefficients of the s-Rydberg orbital.
Character of the electronic states
To identify the character of the electronic states, the diagonal elements the density matrices for each excited state were subtracted from the diagonal elements of the ground state density matrix. These differences in occupation numbers are depicted in Fig.2 . Figure 2 : SA-9-CASSCF(7,11)/aug-cc-pVDZ. Differences of the diagonal elements of the density matrices between excited states and the ground state.
TD-DFT
Since EOMCCSD or CASSCF+MRCI calculations are very time-consuming for running nonadiabatic MD-simulations, we tried to identify a DFT-based electronic structure method, that agrees reasonably well with the EOMCCSD results. Unfortunately all functionals we tested either produced excitation energies that were too low by over 1 eV and/or failed to give the expected relative ordering of valence and Rydberg states. The s-Rydberg state is predicted erroneously to lie approximately 0.5 eV above the 2 2 A 2 state (see Table 1 ). The failure of DFT is probably partly due to the problem of spin-contamination that befalls open-shell systems. In particular with long-range corrected or hybrid functionals, that are supposed to improve the description of Rydberg states, the S 2 -value deviates considerably from the 0.75 expected for a spin-doublet. For instance for the 2 2 A 2 state, S 2 increases from the acceptable value of 0.790 for PBE to 0.937 for the hybrid PBE0 and to even 1.347 for the long-range corrected LC-PBE functional. The angular distribution of photoelectrons that are ejected from an ensemble of isotropically oriented molecules using linearly polarized light is given by
where σ is the total ionization cross section and β is the anisotropy parameter (β ∈ [−1, 2]), and θ is the angle between the light polarization and the momentum vector of the photoelectron. For atoms β can be calculated using the Cooper-Zare formula. 2 The respective β-curves for the hydrogen atom are shown in fig.3 . We use this graph to analyze the photoangular distributions of the benzyl radical, since we attribute the strong photoelectron signal to low-lying Rydberg states, which asymptotically resemble the orbitals of atomic hydrogen. s-orbitals have β = 2, whereas for a p-orbital β depends strongly on the photokinetic energy. To distinguish an s-from a p-Rydberg orbital one would have to measure the photoangular distribution for a range of kinetic energies close to the inoization threshold, where the β-curve for a p-Rydberg orbital rises steeply. The anisotropy parameter for a 3p-orbital changes particulary strongly around eKE = 0-1 eV, where most of the photoelectrons from the benzyl radical are detected. Therefore the photoelectrons most likely originate from an s-Rydberg orbital, but it is not possible to exclude contribution from p-Rydberg states without varying the wavelength of the ionizing radiation. 
CASSCF + MRCI
The following MOLPRO script performs the SA-9-CASSCF(7,11)+MRCI/(aug-cc-pVDZ + s-,p-Rydberg) calculation: ! s -Rydberg orbital on carbon C1 , the e x p o n e n t s were g e n e r a t e d using the script ! K a u f m a n n _ e x p o n e n t s . py ( Z =1 , n =3 , l =0) , see 
